In addition to its established role in calcium metabolism and skeletal homeostasis, vitamin D was recently identified as a factor playing a role in both innate and adaptive immunity (reviewed in Ref. [1] ). The vitamin D receptor is expressed on monocytes and activated lymphocytes and the biologically active metabolite of vitamin D, i.e., 1,25-dihydroxyvitamin D3 [1, 25(OH) 2 D 3 ] , does modulate T cell responses [1] . Studies in animal models of autoimmune diseases consistently showed that the administration of 1,25(OH) 2 D 3 produces selective immunosuppressant effects, as assessed by its ability to either prevent or markedly suppress experimental autoimmune encephalomyelitis, rheumatoid arthritis, systemic lupus erythematosus, type 1 diabetes mellitus, and inflammatory bowel disease [2] . Currently available clinical studies report a high prevalence of vitamin D deficiency in patients with several autoimmune diseases, including multiple sclerosis, rheumatoid arthritis, type 1 diabetes mellitus, and Crohn's disease [3] . With specific regard to autoimmune thyroid diseases (AITD), available data remain controversial. The administration of 1,25(OH) 2 D 3 had little effect in reducing the severity of experimental autoimmune thyroiditis induced by immunizing CBA mice with thyroglobulin [4] . In a model of experimental Graves' disease in which mice were immunized with adenovirus encoding for the TSH-receptor gene, BALB/cJ and C57BL/6J mice receiving either a sufficient or a deficient vitamin D diet developed comparable levels of TSH binding inhibitory and thyroid stimulating antibodies [5] . The IgG subclasses of antibodies directed to the TSH-receptor were also similar in mice of either strain, irrespective of the treatment with a vitamin D-deficient or vitamin D-sufficient diet [5] . However, as argued by the authors, it should be considered that in this experiment mice fed a vitamin D deficient diet, in spite of having nearly undetectable serum levels of 25(OH)D, displayed low but detectable concentrations of 1,25(OH) 2 D.
When human studies are taken into account, a high prevalence of vitamin D deficiency was reported both in patients with chronic autoimmune thyroiditis and in those with Graves' disease [6, 7] .
In this issue of Endocrine, Yasuda et al. [8] measured the serum levels of 25(OH) vitamin D in 26 female patients with newly onset Graves' disease and in 46 healthy female controls. Vitamin D deficiency was diagnosed when laboratory results indicated a serum level below 15 ng/ml. The authors reported significantly lower levels of vitamin D and a greater prevalence of vitamin D deficiency in Graves' patients as opposed to healthy controls. A significant inverse relationship was found between the circulating concentrations of vitamin D and thyroid volume. This observation would be in line with the finding by Vilarrasa et al. [9] who reported an inverse association between body mass index (which is positively associated with thyroid volume) and circulating 25(OH) vitamin D. On the other hand, Yasuda et al. [8] found no association between the serum levels of 25(OH)D 3 and TSH-, FT3-, FT4-, or TSHreceptor antibodies. Although the results of this study are limited by the small number of investigated patients and by its cross-sectional design, some specific comments can be drawn. First, a large Graves' goiter is associated with a higher rate of relapsing hyperthyroidism after stopping treatment with anti-thyroid drugs [10] . Thus, Graves' patients bearing large goiters and being less prone to be successfully cured with anti-thyroid drugs, would more likely have low levels of vitamin D. Second, the lack of a significant association between low vitamin D and high serum levels of TSH-receptor antibodies would indirectly support the concept that, rather than affecting the immune response, vitamin D deficiency might influence the outcome of Graves' disease through a direct effect on the thyroid gland. Several direct effects of vitamin D on the thyroid have been previously described, including a dosedependent inhibition of iodide uptake and growth induced by TSH in FRTL5 cells [5] .
The above reported data imply that the role played by vitamin D in Graves' disease is still an open and intriguing issue. Most current evidence suggests a higher prevalence of vitamin D deficiency in patients with Graves' disease. However, the existence of an association, even when supported by strong statistical significance, does not automatically imply that a causal relationship does exist. Several issues should be clarified for a better understanding of the role played by vitamin D in thyroid autoimmunity and in Graves' diseases. A main one involves the production of the active metabolite of vitamin D by 25(OH)D 3 1-a-hydroxylase at the tissue level. This rate limiting enzyme has been recently found in several extra-renal tissue, thus raising attention on the local production of active vitamin D. The production of active vitamin D within the thyroid gland has been investigated, but the evidence for this phenomenon remains controversial. In only one study addressing this issue, a positive immunohistochemical staining for 1-ahydroxylase was found in most samples from papillary thyroid cancers, but not in normal follicular thyroid cells [11] . Moreover, real-time quantitative RT-PCR did not show differences in the expression of 1-a-hydroxylase in papillary thyroid cancers as compared with normal thyroid tissue [11] . To further complicate the issue, the intra-thyroidal cytokine milieu could modulate the biological activity of 1-a-hydroxylase, thus affecting the local concentrations of active vitamin D. In vitro, interferon (IFN)-c was shown to mediate the enzymatic conversion of 25 (OH)D to 1,25(OH)D by increasing 1-a-hydroxylase activity in isolated immune cells [12] . However, there are no in vivo data supporting such a regulation of active vitamin D production by IFN-c.
From a clinical point of view, two questions should be answered in order to understand the role of vitamin D in Graves' disease. First, we should know whether vitamin D deficiency favors the onset of the disease. Second, it would be important to clarify whether the correction of vitamin D deficiency has any beneficial therapeutic effect in patients with Graves' disease. No currently available data in humans provide straightforward answers to these questions. However, a few experimental data should be mentioned. First, BALB/cJ mice given a vitamin D deficient diet were more likely to develop persistent hyperthyroidism following three immunizations with TSH-receptor as opposed to their countermates receiving adequate vitamin D supply [5] . Second, a vitamin D analog, namely elocalcitol was shown to inhibit both the production of Th-1 and Th-17 T-helper cell cytokines, thus shifting the immune response toward a Th-2 phenotype, and the secretion of the chemokine CXCL10, which is induced by IFN-c in human thyroid cells [13] . CXCR-3 binding chemokines, mainly CXCL10, play a role in the pathogenesis of thyroid autoimmunity and Graves' disease [14] and their neutralization was recently proposed as novel therapeutic strategy in AITD (reviewed in Ref. [13] ). Clinical intervention studies do not provide enough evidence supporting the therapeutic effect of vitamin D administration in patients with Graves' disease. Only one such study is available in which patients with Graves' disease were randomized to receive methimazole alone or methimazole ? vitamin D3 (1,25)-OH [15] . The restoration of euthyroidism was achieved more rapidly in those patients receiving the combined treatment. However, it should be noted that study group was small, the assay employed for detecting TSH-receptor antibodies had a low sensitivity, vitamin D serum levels were not measured, and other factors known to influence the clinical outcome of Graves' hyperthyroidism were not taken into account [15] . Thus, firm conclusion on the beneficial effect of vitamin D in Graves' patients cannot be drawn from this study.
Taking into account the above reported considerations, it appears that studies specifically designed at evaluating the role of vitamin D deficiency and the effect of its correction in patients with Graves' disease are needed before firm conclusions can be formulated.
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